Objective: Endothelial dysfunction is considered the first stage in the development of atherosclerosis and assessed by flow-mediated dilatation (FMD) and aortic flow velocity propagation (AVP). Ankle-brachial index (ABI) is used to assess peripheral arterial disease and is associated with FMD but the relationship between ABI and AVP is unknown. In this study, we aimed to search the association between AVP, and ABI in patients with newly diagnosed hypertension. Methods: Sixty-eight patients with newly diagnosed hypertension and 34 healthy subjects were enrolled in the crosssectional observational study. The maximum ankle arterial pressures were divided by the maximum of the brachial arterial pressures to calculate the ABI. AVP was calculated from dividing the distance between points corresponding to the beginning and end of the propagation slope, to the duration between corresponding time points proximally descending aorta. Statistical analysis was performed using Student t-test, Chi-square test, Pearson correlation and linear regression analyses. Results: Age and gender of both groups were similar. Compared to control group E deceleration time of early diastolic flow velocity (184.0±32.2 vs. 217.1±38.6, p<0.001), isovolumic relaxation time (95.5±19.4 vs. 105.7±18.1, p<0.001) and body mass index (25.6±5.1 vs. 27.5±3.8, p=0.044) values were significantly higher, while ABI (1.08±0.07 vs. 1.14±0.07, p=0.001) and AVP (54.97±9.3 vs. 69.17±10.8 cm/sec, p=0.001) values were significantly lower in hypertensive patients. There was a significant correlation between AVP and ABI (r=0.279, p=0.005). Both ABI and AVP were independent predictors of hypertension (OR -0.353, 95%CI 0.151-0.826, p=0.02 and OR -0.133, 95%CI 0.0502-0.35, p=0.001, respectively). Conclusion: Our data indicate that in patients with isolated hypertension AVP and ABI decrease. We also conclude that AVP is directly associated with ABI. ( 
Introduction
Endothelial dysfunction develops in response to a number of risk factors or injuries, such as hypertension (HT), diabetes mellitus (DM), hyperlipidemia (HL), smoking (1) (2) (3) . The first stage in the development of atherosclerosis is considered endothelial dysfunction (1, 2, 4) . Peripheral arterial disease (PAD) commonly results from progressive narrowing of arteries in the lower extremities and is a manifestation of systemic atherosclerosis (4) (5) (6) . Defining PAD by measurement of ABI is most accurate (7) and determination of ankle-brachial index (ABI) is a simple noninvasive procedure that can easily be performed in the outpatient setting (8) .
Atherosclerosis leads to increased arterial resistance through thickening and stiffening of the arterial wall. Increased aortic resistance may decrease the flow propagation velocity within the arterial lumen. Recently color M-mode propagation velocity measured along origin of descending thoracic aortaaortic flow velocity propagation (AVP) has been reported to be associated with atherosclerosis (9) . Hypertension is one of the risk factors that lead to arterial stiffness. Previous studies have shown that impaired ABI in hypertensive patients (10, 11) although the association ABI and AVP remains to be assessed.
In this study, we aimed to search the association between AVP which is a newly defined predictor of endothelial dysfunction and ABI in patients with new diagnosed hypertensive patients.
Methods
Study design, sample size and power of the study This is an observational cross-sectional study. A priory power analysis based on AVP values of first 12 patients (effect size 0.7, α=0.05, β=0.80) required patient number as 68. So, we decided decided to enroll minimum 34 patients in each group.
Study population
Between 01.01.2011-01.09.2012, sixty-eight consequently patients with newly diagnosed hypertension who applied to our cardiology clinic of hospital and 34 healthy subjects were enrolled in the study. ABI and AVP levels of patients and healthy volunteers groups were measured and recorded by two experienced cardiologists. In addition, baseline characteristics, laboratory parameters, other echocardiographic characteristics were also recorded. Exclusion criteria included: acute myocardial infarction, diabetes mellitus, cigarette smoking, dyslipidemia, creatinine level >2 mg/dL or need for dialysis, severe hepatic failure, aneurysm of aorta, severe valvular heart disease, atrial fibrillation, frequent premature beats, left bundle branch block and inadequate echocardiographic image quality.
The study had been approved by the local Ethic Committee. All participants were informed about the study and their consent was obtained.
Baseline variables
The baseline variables of study were as following: age, sex, height, weight, use of smoking, values of heart rate, systolic (SBP) and diastolic (DBP) blood pressure, history of DM, HT and HL. In addition, fasting blood glucose (FBG), total cholesterol (TC), triglycerides (TG), and high-density (HDL-C) and low-density (LDL-C) lipoprotein cholesterol, body mass index (BMI).
Definitions
Hypertension is defined as SBP of 140 mmHg and above, DBP of 90 mmHg and above or usage of use of antihypertensive medications (12) . Newly diagnosed HT was defined as patients without high blood pressure previously and not using any antihypertensive agent.
BMI was obtained by body weight in kilograms divided by the square of height in meters.
Ankle/brachial blood pressure index measurement Determination of ABI systolic blood pressures of the brachial, anterior and posterior tibial arteries were measured using mercury manometer with inflatable cuffs (13, 14) . Doppler was used for to be heard better Korotkoff sounds on the anterior tibial artery. The maximum ankle arterial pressures were divided by the maximum of the brachial arterial pressures to calculate the ABI. Measurement of ABI was performed according to the Transatlantic Inter-Society Consensus (TASC II) guidelines for the management of PAD (15) . The measurements were performed at least 5 min rest.
Transthoracic echocardiographic examination
The echocardiographic examination was performed at rest, with the patient in the left lateral decubitus position, using a commercially available echocardiographic device (Vivid S6, General Electric, Horton, Norway) with a 3.0 MHz transducer, by two experienced echocardiographers who were blinded to the clinical data. Left-ventricular diameters and left atrial systolic diameter were determined from M-mode traces recorded from parasternal (16) . The pulsed Doppler sampling volume was placed between the tips of the mitral valve leaflets to obtain maximum filling velocities. Early diastolic flow (E), atrial contraction signal (A), E/A ratio and E deceleration time (DT) were measured. Isovolumic relaxation time (IVRT) was determined as the interval between the end of the aortic outflow and the start of the mitral inflow signal.
From suprasternal window, at supine position, color M-mode Doppler recordings were obtained with the cursor parallel to main flow of direction in descending aorta. Color Doppler Nyquist limit is adapted to 30-50 cm/s and switching to M-mode with recorder sweep rate of 200 mm/s, an M-mode spatio-temporal velocity map with the shape of a flame is displayed (Fig. 1) . If the slope of flame was unclear baseline shifting was used to change the aliasing velocity until a clear delineation of isovelocity slope was seen. AVP was then calculated from dividing the distance between points corresponding to the beginning and end of the propagation slope, to the duration between corresponding time points. Thus, AVP corresponds to the velocity at which the flow is propagating down the artery. Mean of at least three measurements was recorded as AVP value.
Evaluation of AVP may be difficult in some cases include obese, restricted neck movements, undergoing thoracic surgery, patients with severe emphysema and taller. These patients were excluded due to lack of image.
The intra-and inter-observer variations for AVP were less than 10 % and less than 5% for ABI and all were non-significant.
Statistical analysis
All tests were performed in the SPSS for Windows (SPSS Inc., Chicago, Illinois, USA). Quantitative variables are expressed as mean±standard deviation (SD), and qualitative variables as numbers and percentages. Differences between independent groups were assessed by Student t-test for normally distributed quantitative variables and Mann-Whitney's U test for variables without normal distribution and Chi-square test for qualitative variables. Logistic regression analysis was performed to determine independent predictors of hypertension. Pearson correlation analysis was used to assess the bivariate correlations between variables and linear regression analysis was used to determine independent factors associated with AVP. All results were considered statistically significant at the level of p<0.05.
Results
Clinical and echocardiographic characteristics Age and gender of both groups were similar. Compared to control group DT, IVRT and BMI values were significantly higher (p<0.05 for all) and , ABI and AVP values were significantly lower (p<0.05 for both) in hypertensive patients and both ABI and AVP were independent predictors of hypertension (OR-0.353, 95%CI 0.151-0.826, p=0.02 and OR-0.133, 95%CI 0.0502-0.35, p=0.001, respectively) ( Table 1) .
Association of AVP and clinical, echocardiographic and laboratory measurements
There were significant correlations between AVP and ABI (r=0.279, p=0.005) (Fig. 2) , AVP was significantly correlated with brachial SBP (r=-0.504, p<0.001) and ankle SBP (r=-0.496, p<0.001). ABI was also significantly correlated with brachial systolic (r=-0.619, p<0.001) and ankle systolic (r=-0.318, p<0.001) blood pressures and DT was the only independent factor associated with AVP (beta -0.245, p=0.016) ( Table 2) .
Discussion
The present study suggests that ABI and AVP values are decreased in hypertension patients and have predictive value for HT. ABI is correlated with AVP.
Endothelial dysfunction is considered the first stage in the development of atherosclerosis. According to the response-to- injury model of atherosclerosis various factors such as hypertension, heart failure, diabetes mellitus or insulin resistance syndrome, hyperlipidemia, smoking, postmenopausal period and genetic predisposition can cause dysfunctional alterations in the overlying endothelium. This injury may then predispose arteries to the development of atherosclerosis (1, 2, (17) (18) (19) . PAD is a clinical manifestation of the atherosclerotic process (20, 21) . Hypertension is a major chronic disease, which accelerates atherosclerosis. Numerous studies have identified hypertension as a key risk factor for PAD (22) . The ABI, which is the ratio of systolic pressure at the ankle to that in the arm, is quick and easy to measure and has been used for many years in vascular practice to confirm the diagnosis and assess the severity of PAD in the legs. However, the ABI is also an indicator of generalized atherosclerosis because lower levels have been associated with higher rates of concomitant coronary and cerebrovascular disease, and with the presence of cardiovascular risk factors (10) . Color M-mode propagation velocity measured along origin of descending thoracic aorta may reflect atherosclerosis (9) . Arterial stiffness has been shown to be associated with coronary artery disease (CAD) (23) and cardiovascular risk factors such as hypertension (24, 25) , smoking (26) , obesity, hypercholesterolemia (27) , diabetes mellitus (23, 28, 29) and elderly (30) . The noninvasive evaluation of diastolic dysfunction using ultrasound color M-mode Doppler interrogation of transmitral flow has been proposed (31) . The flow propagation speed within the ventricle decreases in the presence of stiffer ventricle. Similarly, atherosclerosis leads to increased arterial resistance through thickening and stiffening of the arterial wall. Therefore, increased aortic resistance may decrease the flow propagation speed within the arterial lumen. Accordingly, color M-mode propagation velocity of descending aorta has been shown to be significantly lower in patients with CAD (9) .
Systemic endothelial function reflects the propensity of arteries to develop atherosclerosis in response to exposure to (32) . Consistent with the idea that impaired systemic endothelial function is an early event in atherosclerosis (33, 34) . We found significant associations between AVP and ABI. In the present study, compared to healthy control group AVP and ABI were lower in patients with hypertension. In the study of Güneş et al. (9) AVP was 28.3±10.4 cm/sec in patients with CAD and 57.3±9.1 cm/sec in patients having normal coronary arteries.
The ankle/brachial blood pressure index is a measure of asymptomatic PAD that is known to coexist with a variety of cardiovascular risk factors when it falls below 0.9 (10, 11) . A large number of studies that report strong associations of ABI with diabetes, hypertension, elevated total cholesterol, cigarette smoking, and other cardiovascular risk factors (10, 11) . In the study Luo et al. (35) , patients with low ABI were also associated with higher SBP.
In the present study we found that AVP were significantly correlated with systolic blood pressures and ABI. In our previous study (36) there was correlation between blood pressures and AVP. Further studies are required to answer the association between ABI and AVP.
Study limitations
Small size of the study population may have biased the statistical results. Reproducibility of the acquisition of the AVP is an important limitation. Limited echo image quality may put an obstacle to measurement of AVP. To confirm applicability of the method as a screening method, large population studies are needed. However, low AVP measurements may at least lead physician to a more careful evaluation for possible hypertension and underlying risk factors. Although we could investigate atherosclerosis with ultrasonographic imaging of carotid arteries in the whole population, coronary angiographic data for excluding coronary artery disease was unavailable. Meanwhile, absence of clinical symptoms and demonstrable wall motion abnormalities on echocardiography decreased the possibility of CAD. Additionally, because of ethical considerations, patients were studied under concurrent medications, and this might have had an influence on the precision of the measurements.
Conclusions
Our data indicate that in patients with isolated hypertension AVP and ABI decrease. We also conclude that AVP is directly associated with ABI. We showed that AVP may be used instead of the ABI measured in peripheral atherosclerosis.
